INTRODUCTION
The study and use of traditional ecological knowledge is widely considered an important component of biodiversity assessments and conservation in much of the tropics (Posey 1993; Berkes 1999) . Wildlife knowledge assessments can benefit research because aboriginal peoples with a long history of interaction with the area's natural resources may have considerable knowledge of the local flora and fauna (Huntington 2000) . These assessments are important for conservation because knowledge about wildlife and conservation can be significant influences on people's attitudes toward wildlife and ultimately their support for conservation (Kellert 1996) . As a result, this information can help to determine the need for, or characteristics of, biodiversity conservation and awareness programmes.
Areas of the world containing high biological diversity frequently are inhabited by indigenous people, and the proportion of indigenous peoples living in and near protected areas can exceed 80% (WWF [Worldwide Fund for Nature] 2000). In regions where residents have long histories of exploiting local wildlife resources, knowledge of animals and their habitats is usually well defined, the language is rich with descriptive terms for even subtle differences (Gadgil et al. 1993) , and the value of this information for research and conservation is high.
In many other areas, however, indigenous people have been forced to move or are outnumbered by large numbers of new migrants. The research and conservation value of wildlife knowledge obtained from recent migrants who may have less experience with local natural resources is less clear. Thus, the value of 'local' wildlife knowledge may vary considerably from location to location (Berkes et al. 2000) . This is particularly true in the Republic of Indonesia, where decades of state-sponsored migration has resulted in the translocation of hundreds of thousands of migrants from the densely-populated islands of Java, Bali and Madura to the country's 'outer islands' of Sumatra, Indonesian Borneo (Kalimantan), Indonesian New Guinea (Irian Jaya), Celebes (Sulawesi), and other smaller islands (Fearnside 1997) . Many more migrants have followed these state-sponsored transmigrants, increasingly blurring the definition of 'local' populations.
Wildlife knowledge has relevance where the conservation of endangered animals hinges on the support of local communities. The critically endangered Sumatran tiger (Panthera tigris sumatrae) and endangered Sumatran elephant (Elephas maximus sumatranus), found only on the island of Sumatra, Indonesia, are excellent examples. In this century in Sumatra, tiger and elephant populations have plummeted and today only approximately 500 tigers and 2800 to 4800 elephants are thought to remain in the forests of Sumatra (Blouch & Haryanto 1984; Blouch & Simbolon 1985; Santiapillai & Jackson 1990; Tilson et al. 1994a, b) . Both are threatened in the wild unless their conservation is supported by people living near their dwindling habitat (Tilson et al. 1994a, b; Nyhus et al. 1999 Nyhus et al. , 2000 . Recent studies by the World Bank suggest that the last lowland forests outside of the island's protected areas are likely to disappear by 2005 (World Bank 2001).
In some areas, such as in communities near Way Kambas National Park in Lampung Province, more than 80% of people living near tiger and elephant protected areas are migrants or their descendents from Java, Madura and Bali (Scholz 1983; Fearnside 1997) . Similar patterns are developing in other provinces. Consequently, the situation today in communities bordering Way Kambas National Park may represent a window into the future of many of Sumatra's, and South-east Asia's, protected areas (Nyhus et al. 1999; Tilson et al. 2001) . The magnitude of the problem is evident when juxtaposed with Indonesia's recent history with tigers; the country's two other tiger sub-species, the Bali (P. t. balica) and Javan (P. t. sondaica), were declared extinct within the last 50 and 20 years, respectively (Seidensticker 1987; Nowell & Jackson 1996) .
In this study, we explore the level of wildlife knowledge among migrants living near Way Kambas National Park in southern Sumatra, Indonesia. We use photographs of ten different mammals to assess wildlife knowledge and to explore whether a subset of socio-economic variables can be used to help identify more knowledgeable informants.
METHODS

Study site
Way Kambas National Park is located in Lampung Province in south-eastern Sumatra (Fig. 1 ). The 1300 km 2 Park has been identified as an important location for conservation because it is one of Sumatra's last lowland rainforests, contains significant populations of tigers, elephants and other endangered species, and is one of only six national parks in Sumatra (Tilson et al. 1994a, b; Ministry of Forestry 1995) . The Park is home to Indonesia's first Elephant Training Center, a centre established in 1985 to domesticate and train wild elephants translocated from other areas of Sumatra. The Center today has more than 150 elephants and is one of southern Sumatra's most popular tourist destinations (Nyhus et al. 2000) . At least 35 tigers and 300 elephants are thought to reside within the Park boundary (Santiapillai & Suprahman 1985; Tilson et al. 1994a, b; Franklin et al. 1999) . The area surrounding the Park is dominated by migrants who rely on agriculture as a principal livelihood strategy (BPS [Biro Pusat Statistik] 1995). Population densities are high, ranging from 60-700 people km Ϫ2 (including agricultural land) in the 27 villages immediately bordering the park (Tilson et al. 2001) .
Data collection and analysis
A household survey was carried out using a questionnaire administered by two of the authors (PJN and S) and five students from the University of Lampung between July and November 1996. The survey was administered to a stratified systematic sample of 622 households in 10 of 27 villages bordering the Park. Two villages with extensive borders with the Park were selected in each of four sub-districts and one village was selected in each of the remaining two sub-districts (one of which had only one village bordering the Park). The questionnaire was designed to gather baseline data from a representative sample of people living in communities near the Park on basic respondent and household socio-economic and demographic characteristics and their experiences with human-wildlife conflict, attitudes, and wildlife knowledge. This paper addresses only the wildlife knowledge portion of this survey.
Between 2.9% and 15.2% (average ϭ 8.0%) of households in each of the ten villages were sampled. The total population in the ten villages surveyed was approximately 35 625 individuals, so approximately 1.7% of all villagers were surveyed. Interviews were carried out with one individual in each household. Enumerators visited every fifth household, staggering their starting locations. When present, the head of the household, or someone chosen by the head of the household, was interviewed. Otherwise, the adult (or in several cases, children 14-17 years old) who greeted the enumerator was interviewed. If multiple people were present, spectators were asked to refrain from answering questions. If spectators provided unsolicited help, potentially biased answers were noted and excluded from the analysis. Households where no one was present were revisited at least once later the same day. If no one was home, the adjacent house was visited. Questions were written and asked in Indonesian, the national language. Questions were translated into Javanese or explained using alternative wording when respondents could not understand the original questions.
Wildlife knowledge was evaluated in the household survey based on the ability of respondents to use photographs to identify 10 mammal species found within the Park (Table 1) . These photographs represent four taxonomic orders, seven families, and nine genera. The photographs were obtained in late 1995 and early 1996 using infra-red remote camera units from Trailmaster Corporation set up within the core area of the forest by staff of the Sumatran Tiger Project (STP 1996; Franklin et al. 1999) . Each respondent was shown the same pictures on laminated sheets in the same order. For each picture, respondents were asked if they knew the name of the animal, whether they had ever seen this animal, and whether they thought the animal was found in Way Kambas. When asked to identify the animal, respondents were asked if there was an alternate name for the species. Both answers were noted but the more specific term was used in the analysis if more than one response was provided.
Results were entered into a database and analysed using SPSS (1999). To generate wildlife knowledge scores, responses were coded and categorized by taxonomic order, family and genus based on the common name of the animal provided by respondents. Knowledge scores were calculated by giving one point for each correct answer at each taxonomic level. The three scores were summed to generate an aggregate wildlife knowledge score. Aggregate scores were divided into low, medium, and high categories based on standard deviation increments from the mean. An answer was scored correct to the genus level if it clearly identified the animal and could not be used to classify another animal in the same taxon. For example, the response macan, a frequent response to the tiger picture and a term used for carnivorous species in more than one taxonomic family, was classified correct only to the taxonomic order Carnivora because other felids are also called macan. A more descriptive answer, such as macan gembong, a term only used for tigers, was considered correct to the genus level. The term badak (rhino) for the rhino picture would be considered correct to the genus level because no other animal is referred to by that name in Sumatra. The first responses provided by the respondents were noted. Respondents were given the option to further clarify ambiguous answers (for example, a specific type of macan). Indonesian names for the animals were referenced by Departemen Pendidikan dan Kebudayaan (1989) and in consultation with Indonesian staff of the Sumatran Tiger Project.
RESULTS
The age of respondents ranged from 14 to 92 years old, with a mean age of 38.5 years. Sixty-five per cent were men and 35% women. Most originated from Java or had one or more parents that originated from Java (92.2%); others were from the islands of Bali, Madura, Sumatra and other Outer Islands. A majority (78%) had no more than a primary school education and only one had completed university education.
Respondents used a total of 113 different names to describe the ten different species shown to them in photographs. At the level of taxonomic order, almost all respondents correctly identified the elephant and tiger (Fig. 2) . More than half also correctly identified the barking deer and leopard cat. At the taxonomic family level, only the elephant and barking deer were correctly identified by more than 50% of respondents. At the taxonomic genus level, the majority of respondents identified only the elephant correctly. Scores for the elephant, rhino, sun bear and tapir were similar across taxa because only one species exists on Sumatra so the answer 'elephant,' 'rhino,' 'sun bear' and 'tapir' were considered correct to the genus level. At the genus level, fewer than 5% correctly identified the two civits or small felids (Fig. 2) .
When asked whether they believed these animals existed in the Park, a majority of respondents answered yes for all the animals (Fig. 3) . The elephant had the highest proportion of 'yes' answers (99%), and the Sumatran rhino the least (66%). When asked whether they had personally observed these animals, only the elephant and the barking deer were reportedly observed by more than 50% of the respondents. The rhino was also the least likely animal to have been observed, with only 23% of respondents claiming to have observed this animal ( Fig. 3) .
For the six species where distinctions were made at all three taxonomic categories, knowledge scores declined from order to family to genus for every animal. For four of these species (masked palm civet, Malay civet, golden cat and leopard cat), less than 0.5% of respondents correctly ident- Table 1 English names, Indonesian names, and taxa of species used in the wildlife knowledge questions. Sources used for classification: Lekagul and McNeely (1977) , Nowak (1991) and Corbet and Hill (1992) . ified them to the genus level, meaning that the answers were sufficiently vague (for example, civet) that they could not be used to rule out another similar animal (such as another type of civet). Higher wildlife knowledge scores were significantly associated with respondents who were men, young or middle-aged adults, and had completed at least some formal education ( Table 2 ). The number of respondents who had completed more than a primary school education was low (20.6%) and the highest mean knowledge scores were among those that had attained at least a middle school education. Scores tended to increase with increasing number of years respondents had lived in Lampung, except for respondents with 39 or more years of residency (Table 2) . Knowledge scores were generally higher, but not significant, for respondents who were born in Sumatra or had one or more parents born in Sumatra. Higher knowledge scores were also significantly associated with respondents who claimed to have personally observed these animals for all the animals except the Sumatran rhinoceros and the Sumatran tiger (Table 3) . Table 1 for complete names of these species.
Figure 3
Proportion of respondents who believed the following animals presented in photographs were present in Way Kambas National Park, and the proportion that claimed to have observed these animals in person (n ϭ 317-577). 
Factor
DISCUSSION
Time, funding and human resource limitations often constrain the ability of researchers to survey a large and representative sample of a human community's population.
To reduce these limitations and to increase the efficiency, effectiveness and validity of a survey, it is helpful to select informants who are knowledgeable (Phillips & Gentry 1993) . The same holds true for conservation education programmes, where it may be impractical to target an entire community. In both cases, knowledge about wildlife can differ considerably among individuals in a community based on age, experiences, and numerous other socio-economic and demographic factors (Berkes et al. 2000) .
The photographs used in this study as indicators of wildlife knowledge are incomplete measures of the diversity and extent of wildlife knowledge among the people living near Way Kambas National Park. For example, ecological knowledge of each species and the forest was not assessed. The knowledge does, however, provide a starting point to assess awareness among local villagers of elephants, tigers and other large mammals.
Large, charismatic and abundant animals like the elephant, tiger and deer were generally identified correctly more frequently than smaller or more secretive animals like the civets and the tapir. The relatively low knowledge scores for many of the animals also reflect the secretive nature of many mammals, the difficulty of observing wildlife in the dense secondary vegetation, and the relative abundance of these animals in the Park. Even among researchers and Park managers, rhinos were thought to be extinct within the Park until recently (Reilly et al. 1997) . Many of the animals are rare or do not occur on Java and Bali (Whitten et al. 1996) , the islands of origin for many of the respondents. For example, elephants and tapirs do not presently occur on Java and the critically endangered Javan rhino, which is similar to the Sumatran rhino used in the study, is found only in one reserve on that island. The Javan tiger, still abundant at the turn of the century, was limited to a handful of animals by the 1970s (Seidensticker 1987) .
Nevertheless, 23% of respondents claimed to have observed a rhino. One explanation is that villagers who regularly enter the forest are more likely than occasional visitors to have actually seen these elusive animals. Another is that rhinos were almost certainly more abundant and may have avoided humans less before large-scale logging in the Park was carried out in the 1960s and 1970s. A third is that at least some of the respondents may have mistaken the pictured animal for a more common animal or guessed. The relatively high rate of tiger sightings (40%) could be similarly interpreted, except that tigers are more likely to hunt or move along the forest edge, providing more opportunities for individuals to observe these animals. Higher formal education has been shown to be associated with positive attitudes toward wildlife conservation and protected areas in South Asia (Heinen 1993) , South America (Fiallo & Jacobson 1995) , and Africa (Infield 1988) . Thus, it is not surprising that higher educational attainment is also associated with higher wildlife knowledge scores. Formal education provides increased opportunities for exposure to information about these animals, and literacy provides opportunities for people to learn from printed media and other sources. Individuals with more formal education might have greater facility with the Indonesian language and a higher comfort level with the question-and-answer interview format.
Lower knowledge scores among women are also not surprising. Men are more likely to enter the forest illegally to fish, hunt or to collect non-timber resources. Women enter the Park to collect grass and fuelwood, but rarely enter far beyond the edge of the Park boundary.
The lower knowledge scores among individuals who had lived more than 39 years in the area is somewhat surprising. We initially expected that the first settlers would have been the most likely to experience an abundance of wildlife and access to the forest before it was 'closed' to make the Park. One explanation is that at least some of these respondents had minimal interaction with the forest when they first arrived from agricultural areas of Java or Bali. An alternative explanation is that the very oldest respondents were less comfortable with Indonesian language, the survey format, or were more likely to have impairments that would affect their ability to respond to the survey questions.
This study suggests several implications that could have significance for biodiversity research, conservation and education in Sumatra. First, behavioural and morphological characteristics of animals may increase or decrease the probability of researchers obtaining accurate information from informants. Edge-loving species like deer or 'pest' species like elephants have a relatively high probability of being accurately identified. We hypothesize other species in Sumatra like wild boar (Sus scrofa), primates like long-tailed macaques (Macaca fascicularis), and ungulates like sambar deer (Cervus unicolor) would fit this category. Large, charismatic or widely-known species like the elephant and the tiger, which are used as symbols and permeate folk legends, also increase the probability that informants will provide accurate information about their presence, with the caveat that the name used to identify tigers is frequently confused with other felids (see below). The orangutan (Pongo pygmaeus), found in north Sumatra, would be another example of an animal in this category. In the case of Way Kambas, where elephant cropraiding is a frequent and significant problem (Nyhus et al. 2000) , elephants would fit both these categories. Nocturnal, rare and shy animals are, not surprisingly, less likely to be identified correctly.
Second, it may be possible to increase the probability of finding knowledgeable individuals by selecting informants who share certain characteristics. Male gender, higher formal educational attainment, and years of residence were positively associated with differences in knowledge scores, whereas greater age was weakly associated. Knowledge scores were also significantly associated with whether or not respondents had personally observed these animals, with the exception of the tiger and the rhino. These distinctions are likely to have reflected different experiences with the forest among members of the communities near the Park. Young men were reputedly more likely to enter the forest to gather forest products or hunt, and older villagers and those who had lived in Lampung before the forests were logged were more likely to have had opportunities to see wildlife when they first arrived. Older villagers with long histories in the area often discussed how tigers, elephants and many other species would wander near their homes when the villages were first established from the 1950s to the 1970s. Today, with the exception of elephants and some pigs and deer, the number and variety of animals that ventured outside of the Park's border were few.
The survey results generally concurred with our informal interviews with village leaders. Individuals typically introduced to us by these leaders as 'knowledgeable' about the forest were often young or middle-aged men who were literate and entered the forest on a regular basis. Older villagers, including former loggers and hunters, were often introduced to us to answer our questions about the history of wildlife and land use in the area.
Third, terms used to describe a tiger may be the same as those used to describe other large cats or even some civets, and vice versa. The Javanese term macan is commonly used to describe all large cats, including tigers, leopards and even some civets, and has been adopted into the Indonesian vocabulary (Wessing 1986; Whitten et al. 1996) . The Indonesian term harimau tends to be more specific to tigers, but we observed that it was also used loosely to describe other species, including the leopard. The large number of languages and dialects in use among people living near the Park could thus result in unintended confusion when discussing wildlife and conservation with villagers. Some might interpret a 'tiger' conservation education programme as a 'leopard' programme unless specific steps were taken to identify the animal through pictures and specific descriptions.
The use of wildlife knowledge assessments remains a common tool for biodiversity research and conservation programmes around the world. In China, for example, interviews with villagers near protected areas were recently used to confirm field studies indicating the extinction in the wild of the South China tiger (Panthera tigris amoyensis) (R. Tilson, J. Muntifering & P.J. Nyhus, unpublished data 2002) . In Papua New Guinea, observations from local experts informed efforts to model extinction risks to tree kangaroos (Dendrolagus sp.) and to develop emergency conservation and education programmes for this highly threatened species (Lacy & Miller 2002) .
However, this study also highlights the risk of overgeneralizing about 'local people,' a term frequently used in the park-people literature to describe people living in or near protected areas. While helpful as a descriptor, it may mask some of the considerable differences among individuals with different histories, socio-economic backgrounds and experiences with the protected area. We have not yet seen a concise discussion of the implications of communities composed of high proportions of migrants near protected areas for studies using traditional ecological knowledge. To further test the hypotheses suggested here, it would be valuable to compare these results to other protected areas in Sumatra and beyond to identify whether these are localized patterns or if they could be generalized to other areas. It would also be helpful to explicitly compare knowledge between migrant and nonmigrant populations living in the same area. The proportion of migrants and children of migrants in this study was so overwhelming, only 19 respondents (3%) had both parents born in Sumatra. Thus, no detailed comparison of migrant and indigenous villagers living in the same area was possible. In hindsight, it would have been valuable to have included animals not actually found in the Park. The inclusion of such 'trick' questions may better identify informants who are guessing or otherwise biased in their responses.
CONCLUSIONS
This study identifies variations among villagers living adjacent to Way Kambas National Park in their ability to identify large mammals found within the Park. In communities with a high proportion of migrants, this study suggests it is possible that only large, common and well-known species might be correctly identified by a majority of respondents participating in wildlife knowledge surveys. Thus, wildlife assessments using local informants in such communities may be more effective for species like elephants, barking deer and tigers, and less effective for lesser known, rare or timid animals. Results for species that are morphologically similar to other animals (such as animals that are striped or look like cats) may be particularly vulnerable to misidentification.
This study is just a first step towards identifying key differences in knowledge levels. Additional comparative studies are necessary to identify whether this is a local phenomenon or a more generalized finding, and there is a need to explicitly explore to what extent photographs can be used as proxies for information about animal behaviour, ecology and other dimensions of indigenous ecological knowledge. Attention also should also be given to different perceptions of wildlife knowledge among local people and researchers. As Ng (2002) points out, there are considerable cultural differences even among scientists from different regions about perceptions of 'useful' and 'useless' categories of taxonomic and biodiversity knowledge.
A better understanding of the limitations of using the 'traditional' ecological knowledge of recent migrants and long-term settlers may improve the likelihood that research and conservation programmes for species like the endangered tiger will succeed. More and more people are living in close proximity to the world's last remaining wilderness areas (Sanderson et al. 2002) . Time is running out in Sumatra and regions like it across Asia and around the world to identify areas where the world's last tigers, rhinos and other endangered species can still be found. Knowing what to look for and who to ask are good starting points for wildlife researchers hoping to augment or substitute rigorous field studies for endangered species research, conservation and education programmes.
